The objective was to evaluate the effect of feeding oxidized corn oil with or without a dietary antioxidant (AOX) on performance, tissue oxidative status, and meat quality in barrows. One hundred sixty barrows were arranged in a 2 × 2 factorial of treatments in a complete randomized block design with 8 pens per treatment and 5 pigs per pen. Diets contained 5.0 mg/ kg of 1 of 2 types of corn oil (fresh or oxidized) with or without antioxidant. Final oxidized oil was produced in a heated container by continuously bubbling air heated to 95°C at a rate of 80 L/min to reach a target peroxide value of approximately 150 and 7.5 mEq/kg in the fi nal diet. After 56 d, barrows fed diets formulated with fresh oil had increased ADG (P = 0.03) and ADFI (P = 0.04) and heavier fi nal BW (P = 0.03) than barrows fed oxidized oil. Increased G:F (P = 0.07) was observed for barrows fed diets with AOX after 28 d of feeding but not after 56 d of feeding (P = 0.67) when compared with barrows not fed AOX. An increase (P = 0.06) in plasma thiobarbituric acid reactive substances (TBARS) values, a decrease (P = 0.03) in plasma glutathione peroxidase (GPx) enzyme activity, and a decrease (P = 0.01) in liver vitamin E concentrations were observed in barrows fed diets with oxidized oil. Dietary AOX reduced plasma protein carbonyl content regardless of oil type (P = 0.04). Barrows fed fresh oil had 4.4% heavier HCW (P = 0.01) and 0.7 percentage units increase in dressing percentage (P = 0.01) compared with barrows fed oxidized oil. Loin TBARS values from barrows fed AOX were lower (P < 0.001) after 14 and 21 d of storage in both fresh and oxidized oil groups. In summary, oxidized oil impaired growth performance and caused oxidation stress. Dietary AOX partially ameliorated the negative effects of oxidized oil in fi nishing pigs by reducing protein oxidation and improving shelf life.
INTRODUCTION
Vegetable oils have been used as supplementary energy sources for barrow diets (Carpenter and L'Estrange, 1966) . However, vegetables oils with unsaturated fatty acids, such as corn oil, are highly susceptible to lipid oxidation. This can lead to increased free radical formation in oil present in the diets (Carpenter and L'Estrange, 1966; National Research Council, 1998) . Feeding oxidized diets can also decrease pig performance. DeRouchey et al. (2004) reported a 5.5% reduction in ADG and a nearly 10% reduction in ADFI of weanling pigs fed rancid (peroxide value of 105 mEq/kg) choice white grease.
Traditional fi nishing barrow diets in the United States are corn-soybean meal based. However, as corn has become a primary source for ethanol production, the use of several co-products of ethanol production such as dry distillers grains with solubles (DDGS) as a feedstuff for livestock has increased (Cromwell et al., 1993; Lumpkins et al., 2004; Stein and Shurson, 2009) . Increased DDGS in fi nishing diets result in increased inclusion of corn oil in the diet and those oils may become oxidized after prolonged storage. Intake of oxidized lipids from the diet leads to lipid hydroperoxide absorption from the intestinal lumen and results in greater lipid hydroperoxide concentration in plasma and lymph of humans (Ursini and Sevanian, 2002) . These oxidation products may also be deposited in the phospholipid membranes of muscle cells making them more susceptible to lipid oxidation and reduce the shelf life of meat products derived from these animals.
Vitamin E is a well-known chain-breaking antioxidant (AOX) with high tissue activity (Pettigrew and Esnaola, 2001) and is commonly added to swine diets. Levels of vitamin E greater than 200 mg/kg can slow the rate of lipid oxidation in fresh tissue (Buckley et al., 1995; Cannon et al, 1996; Boler et al., 2009 ). Synthetic antioxidants have also been used to protect against oxidation of fats in feed formulations and in animal tissues (Tavárez et al., 2011) . Additionally, tissues have an elaborate system of enzymes with AOX activity. Antioxidant enzymes metabolize free radicals generated during several metabolic processes (Dröge, 2002) . If dietary antioxidants are decreased and oxidized molecules in the diet are increased, the presence of more oxidized molecules in tissues may ensue and impair animal performance as well as fresh meat quality and shelf life of products derived from those materials. Tavárez et al., (2011) reported that synthetic antioxidants improved growth performance in broilers when diets included oxidized oil and DDGS.
The objective of this study was to evaluate the impact of oxidized corn oil and a synthetic AOX on growth performance, meat quality, and oxidative status of barrows.
MATERIALS AND METHODS
Procedures for barrows used in this study were approved by the University of Illinois Institutional Animal Care and Use Committee. Harvest was conducted under United States Department of Agriculture inspection.
Animals and Experimental Design
A total of 160 barrows (80.2 ± 2.4 kg initial BW; Sire PIC337 × Dam PIC C22; Pig Improvement Company, Hendersonville, TN) were housed at the Swine Research Center at the University of Illinois and randomly allocated into 4 balanced blocks with 8 pens per treatment and 5 pigs per pen for 8 wk. Pens allowed 1 m 2 of fl oor space per barrow with 1 feeder and 2 nipple drinkers per pen. Feed, water fl ow, and fan ventilation were checked daily. The experiment was a 2 × 2 factorial arrangement in a completely randomized block design. Factors included 2 types of corn oil (fresh or oxidized corn oil at 5% inclusion) and 2 levels of AOX [without antioxidant (-AOX) or with antioxidant (+AOX)]. Synthetic AOX [250 mg/kg of AGRADO Plus, a blend of tert-butylhydroquinone (TBHQ) and ethoxyquin (EQ)] was provided by NOVUS International Inc. (St. Charles, MO). Barrows were weighed at the beginning of the trial and weekly thereafter. Average daily gain was calculated for the performance periods using the difference in BW at the end of a performance period and the BW at the start of the period divided by BW at the start of the period. Feeders were weighed on a weekly basis (same day as barrow BW) and ADFI was calculated as leftover feed subtracted from feed offered. Feed effi ciency was calculated by dividing BW gain by feed intake for each performance period.
Oil Oxidation and Experimental Diets
Oxidation of corn oil was conducted at an outside laboratory and achieved by continuously bubbling air heated to 95°C at a rate of 80 L/min until the peroxide value was approximately 150 mEq/kg (7.5 mEq/kg in the diet; Table 1) . Peroxide values were determined every few hours as described by American Oil Chemists' Society (AOCS, 1998). The peroxide value of the fresh corn oil was 1 mEq/kg feed. Fresh and oxidized oils were transported to and stored under refrigeration (4°C) at the University of Illinois feed mill until feed mixing to impede further oxidation. Oxidation of corn oil reduced the concentration of C18:1 and C18:2 and increased the concentration of C16:0 (Table 2) .
Experimental diets were mixed on a weekly basis, and composite feed samples were collected and stored at -10°C for proximate analysis, vitamin E, and oxidative stability analysis. Before mixing, AOX was incorporated into the appropriate fresh or oxidized corn oil solution. Thereafter, the AOX protected or unprotected corn oil was mixed with the basal diet, 50 g/kg feed (5% inclusion), for the fi nal experimental diets. The corn-soybean basal diet contained 12.4% CP and 3585 kcal/kg ME for phase 1 (0 to 28 d). The phase 2 basal diet (29 to 56 d) contained 16.7% CP and 3584 kcal/kg ME (Table 1) . Total calculated crude fat of the fi nal diet was 8.3% in phase 1 and 8.1% in phase 2 but was not confi rmed with laboratory analysis. The basal diet was formulated to meet the nutritional requirements for fi nishing barrow according to the NRC (1998) and lysine was corrected according to product label requirements to support the use of ractopamine hydrochloride (Paylean; Elanco Animal Health, Greenfi eld, IN) at 5.0 mg/kg feed during the last 28 d of the fi nishing period.
Harvest and Sample Collection
At the end of the study, 1 barrow per pen (total of 32 barrows) with the fi nal BW closest to the pen mean were selected to be harvested for oxidative status and meat quality evaluation. Selected barrows were transported to the Meat Science Laboratory at the University of Illinois. After 18 h of lairage the barrows were weighed and then slaughtered. Blood was collected after electrical stunning. Hot carcass weight was recorded and used to calculate dressing percentage. The carcasses were split and then chilled at 4°C for 24 h. Carcass measurements and samples for subsequent analyses were taken from the left side of each of the carcasses.
At the time of harvest, approximately 10 mL of blood were collected in labeled heparinized tubes and placed on ice. Blood was centrifuged for 15 min at 2,500 × g at 4°C. Plasma was separated and frozen at -80 °C for later determination of thiobarbituric acid reactive substances (TBARS), glutathione peroxidase (GPx) activity, protein content, carbonyl content, and vitamin A and vitamin E content.
Upon evisceration, 4 liver samples of approximately 50 g each were collected from the right lobe of each barrow, pooled, labeled, immediately frozen in liquid N, and stored at -80°C for later determination of GPx activity, protein content, and vitamin A and vitamin E content. One sample of approximately 50 cm 2 of back fat (at 10th rib) and one 50 cm 2 belly fat (along the dorsal edge of the anterior end of the belly) sample were collected and stored at -20°C for later analysis of vitamin A and vitamin E.
A section of the loin taken immediately posterior to the 10th rib was removed after quality evaluations were completed and cut into boneless chops, either 1.3 or 2.54 cm in thickness. The 1.3 cm chop was used to determine water-holding capacity using the drip loss method. The 2.54 cm thick chops were stored in modifi ed atmosphere packages (MAP; 80% oxygen and 20% carbon dioxide) and later analyzed for lipid oxidation and color stability after various storage times. Ground, boneless Boston butt shoulders (NAMP 406A) were fabricated from the left side of each carcass 24 h postmortem according to the North American Meat Processors Association (NAMP, 2007) . The cut was ground twice through a Hobart grinder (Hobart Corp., Troy, OH) with a 4.8-mm plate. Then 0.5 kg ground samples were used immediately or put into MAP.
Composition and Quality Evaluation
Meat composition and quality evaluation was conducted on the left side of carcasses 24 h postmortem. Back fat was measured at 1st, 10th, and last rib and last lumbar vertebrae. Carcasses were cut between the 10th and 11th rib and the loin surface was allowed to bloom for 15 min. Subjective color, marbling (NPPC, 1999), and fi rmness (NPPC, 1991) scores were appraised on the loin surface by trained University of Illinois personnel. At the same anatomical location, instrumental color (CIE, 1978 ; L*, a*, and b*) values were obtained using a Minolta Chromometer (CR-300; Minolta Camera Co., Osaka, Japan) with illuminant D65 and a 0° observer with an 8 mm aperture. Muscle pH was also measured at this anatomical location with a pH-STAR pH meter (SFK Technologies Inc., Cedar Rapids, IA). One 1.3 cm loin chop was weighed, suspended in a Whirlpak bag (Fort Atkinson, WI) from a hook at 4°C, and then weighed again after 24 h to determine drip loss. Moisture and fat percentages were determined on a 2.54 cm loin chop trimmed of external fat and on a 0.5 kg sample of ground Boston butt. Moisture was determined as described in method 950.46 of the AOAC International (AOAC, 1995) . Lipid was determined according to Novakofski et al. (1989) after extraction with warm chloroform:methanol.
Four 2.54 cm loin chops and four 0.5 kg ground Boston butt samples per carcass were randomly assigned for objective discoloration evaluation. Packaged chops and ground Boston butt were stored at 4°C for 0, 7, 14 or 21 d. Chops and ground Boston butt designated as d 0 were immediately analyzed for discoloration and TBARS. Packaged chops and ground Boston butt designated for d 7 were immediately placed in a simulated retail display case for a 7 d display period under cool white light at 4°C. Chops and ground butts designated for 14 and 21 d were placed in dark storage at 4°C for 7 and 14 d, respectively, and then placed in the simulated retail counter for 7 d. At the conclusion of the display period, chops were analyzed for discoloration and TBARS.
Percentage discoloration (metmyoglobin formation) was measured by subjective evaluation on the surface of the samples using a 10 cm line scale with reference standards provided at 0, 25, 50, and 100% discoloration 2 Day 29 through 56 is the last 28 d of the trial where ractopamine hydrochloride (Elanco Animal Health, Greenfi eld, IN) was included in the diet at 5.0 mg/kg.
3 MHA = methionine hydroxyl analogue. 4 Each kg of vitamin premix provided: vitamin A, 3,300,000 IU; vitamin D 3 , 330,000 IU; vitamin E, 44,000 IU; vitamin K, 2,200 mg; vitamin B 12 , 17.6 mg; ribofl avin, 4,400 g; d-pantothenic acid, 12,100 mg; niacin, 16,500 mg; choline, 143,000 mg.
5 Each kilogram of mineral premix provided: salt, 2,574 g; iron, 82 g; zinc, 91 g; manganese, 5,710 mg/kg; copper, 2,290 mg/kg; iodine, 100 mg/kg; selenium, 85.7 mg/kg. 6 Paylean 9 (Elanco Animal Health) fed for the last 28 d of the trial. (Holmer et al., 2009) . After objective discoloration evaluation, loin chops and Boston butt samples were fi nely minced (Cuisinart Food Processor, East Windsor, NJ) and TBARS was determined as an indicator of lipid oxidation in the same manner described by Leick et al. (2010) .
Oxidative Status
All oxidative status assays were conducted in duplicate for each of the 32 barrows represented in the meat quality portion of the experiment. Vitamins E and A were determined on samples of plasma, liver, back fat, and belly fat according to Catignani (1986) .
Glutathione peroxidase activity was determined on liver and plasma by GPx assay kit from Cayman Chemical Company (Ann Arbor, MI). Briefl y, indirect GPx activity was measured by a coupled reaction with glutathione reductase (GR). The reaction was initiated with cumene hydroperoxide addition. Oxidation of nicotinamide adenine dinucleotide phosphate (NADPH) to nicotinamide adenine dinucleotide phosphate (NADP) was measured colorimetrically at 340 nm for at least 5 min; GPx activity was expressed as nanomoles per minute per milligram of protein and compared with a bovine erythrocyte GPx standard curve over time.
Liver and plasma protein concentration was determined using a protein assay kit from Bio-Rad laboratories (Hercules, CA). Protein concentration was expressed as milligrams per gram wet weight of liver or milligrams per milliliter of plasma and compared with a known bovine serum albumin concentration standard curve measured colorimetrically at 595 nm.
The free carbonyl content of plasma was determined using an Oxi-Select protein carbonyl ELISA kit from Cell Biolabs Inc. (San Diego, CA). Colorimetric detection was measured at 450 nm and compared with a standard curve from predetermined reduced and oxidized BSA. Content was expressed as nanomoles per milligram protein.
Plasma TBARS was quantifi ed using a malondialdehyde (MDA) standard curve measured colorimetrically at 540 nm with a TBARS assay kit from Cayman Chemical Company (Ann Arbor, MI). Thiobarbituric acid reactive substances were expressed as nanomoles per milliliter plasma.
Sensory Analyses
An additional set of chops were cut from the loin to be used for sensory analysis. Three 2.54 cm loin chops were vacuum packaged and randomly assigned to 1 of 3 different aging periods for sensory analysis by a 6 member trained panel. Sensory analyses were conducted on chops after 0, 7, or 14 d of aging in dark storage at 4°C for juiciness, tenderness, and off-fl avor and oxidized odors. Parameter estimates were independently recorded on a 15-cm unstructured line scale, where 0 = not juicy, not tender, no off-fl avor or no oxidized odor and 15 = extremely juicy, tender, intense off-fl avor, or strong oxidized odor. Panelists were trained to detect off-fl avor and oxidized odor with loin chops and ground pork fried in fresh corn oil, oxidized corn oil, or 50% fresh corn oil and 50% oxidized corn oil. Chops were trimmed of excess fat and cooked on a Farberware Open Hearth grill (Model 455N; Walter Kidde, Bronx, NY) on 1 side to an internal temperature of 35°C, fl ipped, and cooked to a fi nal internal temperature of 70°C. Internal temperature was monitored using copper-constantan thermocouples (Type T; Omega Engineering, Stanford, CT) connected to a digital scanning thermometer (Model 92000-00; Barnant Co., Barington, IL).
Statistical Analyses
Performance and laboratory variables were analyzed as a 2 × 2 factorial arrangement in a complete randomized block design with 2 types of corn oil (fresh or oxidized) and 2 levels of antioxidant (with or without antioxidant). Day of harvest was used as blocking criterion and considered a random variable. Experimental unit for the live phase was pen. Experimental unit for the pork quality and shelf life evaluation was individual carcass. Data were analyzed using the PROC MIXED procedure (SAS Inst. Inc., Cary, NC). The model included block, main effect of oil and antioxidant, and the interaction. Least square means differences were separated by probability of difference option (PDIFF) and P-values were adjusted by the Bonferroni approach to declare adjusted P-values.
Shelf life data (lipid oxidation and discoloration percentage) were evaluated on the same experimental unit (samples derived from the same pig) as repeated measures over time (day) using the MIXED procedure (SAS Inst. Inc.) to account for day effects. The model for shelf life parameters included the 3-way interaction of oil type, antioxidant inclusion, and days of storage. Statistical differences were accepted as signifi cant at P < 0.05 using a 2-tailed test. Statistical trends were discussed at P ≥ 0.05 and ≤ 0.10.
RESULTS

Dietary Oxidative Stability and Vitamin E Level
Oxidative stability of the 4 experimental diets was tested using an oxygen consumption test at 0, 2, and 8 wk of storage at room temperature (Table 3) . Due to limitations with the methodology (only 4 samples can be analyzed at a time), results should only be used as an indicator of stability within a particular date. Analyzed dietary vitamin E ranged from 42 to 57 IU/kg, which is close to the supplemented level (44 IU/kg) and there were no differences among treatments.
Growth Performance
No interactions (P ≥ 0.30) between oil type and AOX were observed (Table 4) . Barrows fed oxidized oil were 3.9 kg lighter (P = 0.03; Table 4 ) than barrows fed fresh oil at the end of the experiment and had reduced (P = 0.03) ADFI during the 28 to 56 d and less ADG (P = 0.03) and ADFI (P = 0.04) over the entire experimental period compared with barrows fed the fresh oil. Dietary AOX tended to improve G:F (P = 0.07) and ADFI (P = 0.10) of barrows fed AOX when compared with barrows not fed AOX during the fi rst 28 d of the feeding period.
Carcass Characters and Meat Quality
No interactions (P > 0.66) were observed between corn oil quality and AOX level on harvest weight, HCW, or dressing percentage (Table 5) . Body weight at harvest was less (P = 0.02) for barrows fed diets with oxidized corn oil compared with barrows fed fresh corn oil diets. Similar effects of corn oil were noted for HCW (P = 0.01) and dressing percentage (P = 0.01). Furthermore, carcasses from barrows fed diets without AOX tended (P = 0.07) to be lighter and had reduced dressing percentages (P = 0.05) than carcasses from barrows fed AOX (Table 5) .
Signifi cant interaction of oil type and AOX was ob- served on back fat at fi rst rib (P = 0.03). Back fat thickness at the fi rst rib was signifi cantly less (P < 0.05) from barrows fed oxidized corn oil -AOX compared with barrows fed either fresh corn oil -AOX or oxidized corn oil +AOX diets (Table 5) . Back fat thickness at the fi rst rib for carcasses from barrows fed fresh corn oil +AOX was not signifi cantly different (P > 0.05) from any of the 3 other groups. Barrows were leaner at the 10th rib (P = 0.03) and at the last rib (P = 0.02) for carcasses from barrows fed diets with oxidized corn oil when compared with barrows fed diets with fresh corn oil. Back fat thickness measured at the last lumbar was not infl uenced by dietary corn oil quality or AOX level (P > 0.05). Addition of AOX to diets reduced the percentage moisture (P = 0.03) and tended to increase (P = 0.07) the percent extractable lipid in the loin compared with loins from barrows fed diets -AOX. In the ground Boston butt, the percent moisture was increased (P = 0.04) and extractable lipid was decreased (P = 0.05) in barrows fed diets that contained oxidized corn oil versus fresh corn oil (Table 5) .
No main effects or interactions (P ≥ 0.26) were observed on loin color, fi rmness, pH, color indicators, L*, a*, and b*, or drip loss at 24 h postmortem (Table 5) .
Percentage discoloration and TBARS values of loin chops stored at 4°C in the dark up to 21 d postmortem followed by a 7 d placement in a simulated display case at 4°C under cool white light are shown in Figures 1 and  2 , respectively. A signifi cant corn oil quality × AOX × day interaction (P < 0.001) was found for percentage discoloration. Percentage discoloration increased with time. Treatments did not differ (P ≥ 0.10) at 0, 7, or 14 d. At 21 d, loin chops from barrows fed diets containing fresh corn oil +AOX had less discoloration (P < 0.001) when compared with the other 3 treatments.
A signifi cant (P < 0.001) corn oil quality × antioxidant × day interaction was observed for loin chop TBARS. Thiobarbituric acid reactive substances were not significantly different (P ≥ 0.10) among dietary treatments at 0 or 7 d of aging. At 14 d, chops from barrows fed diets containing fresh oil with antioxidant had signifi cantly decreased (P < 0.001) TBARS values when compared with chops from barrows fed oxidized corn oil -AOX. Other comparisons at 14 d of aging were not signifi cantly different (P ≥ 0.10). At 21 d postmortem TBARS values were signifi cantly less (P < 0.001) for barrows fed diets with fresh corn oil and antioxidant when compared with any of the other 3 treatment groups.
No signifi cant (P ≥ 0.10) corn oil × AOX interactions were observed for percentage discoloration values in Boston butt shoulders (Figure 3 ). Discoloration did increase over display days postmortem for each of the 4 treatments (P < 0.001).
Oxidative Status
No signifi cant interactions (P ≥ 0.30) were observed between dietary corn oil quality and AOX level on back fat vit A, belly fat, liver, or plasma vitamin A or vitamin E (Table 6 ). There tended (P = 0.07) to be an interaction in back fat vitamin E concentration. Vitamin A concentration was signifi cantly lower in the back fat of barrows fed oxidized corn oil (P = 0.02). In belly fat, inclusion of AOX in the diet increased vitamin A concentration when compared with absence of AOX in the diet (P = 0.05). No significant differences (P > 0.05) in vitamin A concentration were found in liver or plasma due to dietary corn oil quality or AOX level. However, liver vitamin A concentration tended to be greater (P = 0.06) in barrows fed fresh corn oil when compared with barrows fed oxidized corn oil.
Neither dietary corn oil quality nor AOX level affected vitamin E concentration (P ≥ 0.11) in back fat. Presence of AOX in the diet increased (P = 0.03) vitamin E content in belly fat when compared with diets -AOX. In both liver (P = 0.01) and plasma (P = 0.01) vitamin E concentration was greater from barrows fed fresh corn oil compared with barrows fed oxidized corn oil. The effect of corn oil quality on GPx activity was dependent on tissue; no difference was seen in liver in GPx activity (P > 0.05) whereas activity was less (P = 0.03) in plasma of barrows fed oxidized corn oil when compared with barrows fed fresh corn oil (Table 7) . Free carbonyl concentration was signifi cantly less (P = 0.04) in the plasma of barrows fed diets +AOX when compared with plasma of barrows fed diets -AOX. There tended to be an interaction (P = 0.08) for plasma TBARS. Thiobarbituric acid reactive substances tended to be greater (P = 0.06) in plasma from barrows fed diets with oxidized corn oil compared with those fed diets with fresh corn oil. The interaction for plasma TBARS tended to be signifi cant (P = 0.08), and differences are possibly associated with the fact that TBARS value for barrows fed the diet that contained fresh corn oil +AOX was less than the values for the other 3 treatments.
Sensory Evaluation
Sensory evaluation was conducted for juiciness, tenderness, off-fl avor, and oxidized odor from loin chops taken at 1, 7, and 14 d postmortem (Table 8) . No significant interaction (P ≥ 0.20) or main effect (P ≥ 0.16) was observed for any trait within the same day with 4 exceptions. Tenderness scores of cooked loin chops taken from barrows fed diets +AOX at 14 d were signifi cantly greater (P = 0.03) than those from barrows fed diets −AOX. At this same time point juiciness scored tended to be 0.49 units less (P = 0.08) less in chops of barrows fed +AOX versus -AOX and tenderness scores tended to be 0.54 units less (P = 0.06) in chops of barrows fed oxidized corn oil versus fresh corn oil. There also tended to be an interaction (P = 0.08) in oxidized odor between oil quality and antioxidant of chops at 1 d. Tenderness scores of cooked loin chops taken from barrows fed diets +AOX at 14 d were signifi cantly greater (P = 0.03) than those from barrows fed diets -AOX. At this same time point tenderness scores tended to be 0.54 units less (P = 0.06) in chops of barrows fed oxidized corn oil versus fresh corn oil.
DISCUSSION
Poor performance of pigs fed oxidized oils was reported previously. Feeding oxidized oils reduced ADG, ADFI, and G:F in weanling pigs (DeRouchey et al., 2004) and in fi nishing pigs (Dibner et al., 1996) . Dibner et al., (1996) reported a decrease in the half-life of gut enterocytes and a reduction in nutrient uptake capacity by absorptive epithelial cells. Although not characterized in this study, these conditions may partially explain the reduction in growth performance of barrows fed oxidized oil relative to those fed fresh oil.
Lighter ending BW and lighter HCW as well as decreased dressing percentage of pigs fed diets with oxidized corn oil in the present experiment was the result of reduced performance (decreased ADG and ADFI) of the barrows fed oxidized corn oil. The decreased dressing percentage of barrows fed diets with oxidized corn oil coupled with less fat depth at the 10th and last rib and reduced extractable lipid content of the ground Boston butt suggested that carcasses of these barrows were less fat than barrows fed the fresh oil diets.
Other researchers (Kouba et al., 2003; Teye et al., 2006; Mitchaothai et al., 2007) found that back fat depth at P 2 (last rib fat thickness at a point 6.5 cm for the dorsal midline) of barrows fed fresh corn oil was greater than those reported for barrows fed diets with a greater concentration of PUFA. Loin extractable lipid content in the current experiment was greater than that reported by other authors (Lauridsen et al., 1999; Teye et al., 2006; Leick et al., 2010) but less than extractible lipid content in loins observed by Rhee et al. (1988) . The latter observed a greater lipid content when pigs were fed 20% canola oil in the diet. Similar to results in the current study, Phillips et al. (2001) reported no differences in extractable lipid content in ground Boston butt shoulders from barrows fed diets supplemented with 170 mg/kg vitamin E when compared with pigs fed diets not supplemented (control; 48 mg/kg) with vitamin E. Boler et al. (2009) reported increased content of vitamin E in back fat adipose tissue as vitamin E in diet increased when fi nishing pigs were fed DDGS at 10% inclusion rate. Leskanich et al. (1997) reported increased back fat vitamin E concentration from pigs fed tallow and soybean diets when compared with rapeseed and fi sh oil diets. However, when vitamin E was supplemented to the rapeseed and fi sh oil diets, concentration of vitamin E in tissues was the greatest. Others (Lauridsen et al., 1999; Eichenberger et al., 2004) observed decreased α-tocopherol (vitamin E) content in muscle and back fat of pigs fed diets with rapeseed or sunfl ower oil (no AOX supplemented) compared with pigs fed diets supplemented with vitamin E. However, all these studies provided diets specifi cally enriched in vitamin E. Therefore, it was not surprising that vitamin E concentration increased. Presumably, addition of AOX limited further oxidation of PUFA and other elements, such as lipid-soluble vitamins, that are highly susceptible to oxidation (Dibner et al., 1996; De Koning, 2002) . Supplementation of synthetic AOX in this experiment protected against reduced vitamin E and A content in belly fat but not in backfat of pigs fed oxidized oil. Results suggest lipid soluble vitamins are susceptible to oxidation and, with no dietary AOX protection, vitamin concentrations in tissues may be inadequate to protect against further oxidative stress. Also, fresh energy sources (such as corn or rapeseed oil) protected with natural or synthetic AOX spared vitamin E as an antioxidant for oxidative stress. Increases in dietary vitamin E can protect against lipid oxidation (Monahan et al., 1992; Jensen et al., 1998; Boler et al., 2009) .
The decreased plasma and liver concentrations of vitamin E and GPx by feeding oxidized oil may be due to the susceptibility of natural AOX to be oxidized when interacting with oxidized dietary ingredients. Collectively these results suggest increased lipid oxidation (Rimbach et al., 1999) and the presence of some degree of induced oxidative stress. Reduced free carbonyl content of plasma in barrows fed AOX suggests that AOX inclusion reduced protein oxidation but the lack of differences in plasma TBARS values imply the AOX was not able to protect cellular lipid peroxidation.
Fresh meat color depends on the oxidation status of myoglobin. Metmyoglobin is the myoglobin state responsible for the undesirable brownish color of fresh meat and its formation could be due, at least partially, to lipid oxidation (Faustman and Cassens, 1990; Brewer, 2004 ). In the current experiment, the level of loin discoloration percentages after 21 d of storage may be due to susceptibility of PUFA to oxidation of meat in MAP packaging conditions where O 2 concentration may be 80% of the total gas volume. Consistent with this hypothesis, Holmer et al. (2009) reported less than 10% discoloration after 28 d under vacu- um conditions where the content of O 2 available to promote lipid and deoxymyoglobin oxidation was minimal. Yet the impact of MAP systems on metmyoglobin formation is not consistent across studies. Jensen et al. (1998) and Behrends et al. (2003) showed metmyoglobin formation was delayed using MAP systems. Similarly, data in the current study suggests there is little relationship between lipid oxidation and loin color stability. Even so, it is also important to note that the presence of pro-oxidant molecules either deposited or generated in tissues could be contributing to lipid oxidation (Jensen et al., 1998; Wood et al., 2003) . Furthermore, Apple et al. (2011) reported a linear decrease in 2 of the primary SFA (C16:0 and C18:0) and a linear increase in 2 of the common dietary sourced PUFA (C18:2 and C18:3) in pork belly fat as corn oil was increased from 0 to 4% dietary inclusion. The linear increase in the less stable PUFA concentration confi rms the ability to increase pro-oxidant molecules via the diet. Therefore, increased color stability of loins from barrows fed AOX protected fresh oil in this experiment may be due to AOX activity of the EQ + TBHQ blend added to the fresh dietary energy source.
In conclusion, oxidized corn oil fed to fi nishing barrows affected barrow growth performance, as ADG and ADFI were negatively impacted after 56 d on trial. This resulted in lighter fi nal BW when compared with barrows fed diets formulated with fresh corn oil. Performance was not affected by the presence of AOX in diets. Diets containing oxidized oils generally favored the presence of oxidation in tissues when measured with TBARS (lipid) or carbonyl content (protein), affecting oxidant-antioxidant balance in the tissues. Antioxidant systems such as GPx and AOX compounds such as vitamin E were decreased in some tissues in response to the dietary oxidative challenge. Dietary AOX supplementation partially ameliorated the negative effects of feeding oxidized fat by reducing protein oxidation and improving shelf life. However, feeding oxidized corn oil in fi nishing diets of barrows did not adversely affect subjective and objective pork quality traits such as color, marbling, fi rmness, and water holding capacity.
